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ABSTRACT 



The present invention provides a novel poly- 
peptide which has fish growth hormone-like activity and 
which can be widely used no matter what the species of 
fish is. 



1 

DESCRIPTION 



NOVEL SYNTHETIC POLYPEPTIDE 

Technical Field 

This invention relates to a novel polypeptide, 
and more specifically to a polypeptide which shows fish 
growth hormone-like activity, a DNA which codes thereof, 
a vector which contains said DNA, a microorganism which 
is transformed with said vector, a preparation process 
of the above-mentioned peptide using said microorganism, 
and use of said peptide in promoting fish growth and 
reducing mortality of fry. 

Background Art 

Growth hormones the existence of which is 
common to mammals, avians, reptiles, amphibians and fish 
are polypeptides that are secreted from the pituitary 
gland, and there are various reports about growth hor- 
mones that were isolated and the structure of which was 
determined by various research groups. Along with 
advances in gene engineering, mass production of these 
growth hormones in microorganisms has become possible 
and is about to be used for many kinds of livestock. 
Concerning fish the current situation, however, is that 
growth hormones are only used on research basis but not 
applied for practical use. 

Since fish growth hormones are responsible for 
growth promotion of fish, it is believed that if fish 
growth hormones were available as fodder for hatchery 
fish, pre-shipment period could be shortened and that 
this also would be helpful for cost reduction. Natural 
growth hormones which have been isolated from fish, 
however, have species specificity to some extent, and 
therefore, for example, when tuna growth hormone which 
is commercially available as an agent is given orally to 




fish other than tuna, although a slight effect may be 
expected, the effect can not be regarded as sufficient. 

Therefore, the inventors of the present appli- 
cation did research for developing a polypeptide which 
5 can be used for a variety of fish having universal fish 
growth hormone-like activity, by exerting supreme 
growth-promoting activity in fish. 

Disclosure of Invention 

10 As a result, it was found that a polypeptide 

with the following amino acid sequence (SEQ ID NO: 1) 

Gin Pro He Thr Asp Ser Gin Arg Leu Phe Ser He Ala Val Ser Arg 
15 10 15 

15 

Val Gin His Leu His Leu Leu Ala Gin Arg Leu Phe Ser Asp Phe GIu 
20 25 30 

Ser Ser Leu Gin Thr GIu Glu Gin Arg Gin Leu Asn Lys He Phe Leu 
20 35 40 45 

Gin Asp Phe Cys Asn Ser Asp Tyr He He Ser Pro He Asp Lys His 
50 55 60 

25 GIu Thr Gin Arg Ser Ser Val Leu Lys Leu Leu Ser He Ser Tyr Arg 
65 70 75 80 

Leu Val GIu Ser Trp GIu Phe Pro Ser Arg Ser Leu Ser Gly Gly Ser 

85 90 95 

30 

Ala Pro Arg Asn Gin He Ser Pro Lys Leu Ser Glu Leu Lys Met Gly 
100 105 110 

He His Leu Leu He Arg Ala Asn Gin Asp Gly Ala GIu Met Phe Ala 
115 120 125 



3 

Asp , Ser Ser Ala Leu Gin Leu Ala Pro Tyr Gly Asn Tyr Tyr Gin Ser 
130 135 140 

Leu Gly Gly Asp Glu Ser Leu Arg Arg Asn Tyr Glu Leu Leu Ala Cys 
5 145 150 155 160 

Phe Lys Lys Asp Met His Lys Val Glu Thr Tyr Leu Arg Val Ala Lys 

165 170 175 

10 Cys Arg Leu Ser Pro Glu Ala Asn Cys Thr Leu 

180 185 

shows growth hormone-like activity, and displays remark- 
able growth-promoting and fry mortality-reducing effects 

15 in a variety of fish. 

Therefore, an aspect of this invention is to 
provide a polypeptide which comprises the above-men- 
tioned amino acid sequence, or an amino acid sequence of 
which one or more amino acid(s) of the above-mentioned 

20 amino acid sequence is/are deleted, substituted or 

added, and which also shows fish growth hormone activ- 
ity. 

The polypeptide of this invention can be chem- 
ically synthesized by a solid phase method or a liquid 
25 phase method which is known per se, or biochemically 

synthesized by means of gene engineering technique using 
a DNA which codes the polypeptide of this invention. 



3a 

The present invention also provides a DNA sequence which encodes the 
polypeptide as hereinbefore described. 

Another aspect of the present invention is a fish feed which comprises the 
polypeptide as hereinbefore described or a dry bacterial cell which has been 
transformed with a vector pBAX18fGH which comprises the DNA as hereinbefore 
described. 

The present invention also provides a method for growth promotion in fish or 
reduction in fry mortality, wherein said method comprises administering the 
polypeptide as hereinbefore described or the dry bacterial cell as hereinbefore 
described to fish. 

Brief Description of Drawings Referred to in the Following Examples 

FIG. 1 is a process drawing to show the process to construct fGH gene of this 
invention. 

FIG. 2 is a process drawing to show the process to generate fGH operon. 
FIG. 3 is a process drawing to show the process of the integration of fGH 
operon into a multi 
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cloning site of a Escherichia coli - Cyanobacterium 
shuttle vector pBAXlS. 

Fig. 4 is a graph to show the growth-promoting 
effect of fGH polypeptide of Example 1 on carp fry. 
5 Fig. 5 is a graph to show the growth-promoting 

effect of fGH polypeptide of Example 2 on tuna fry. 

Fig. 6 is a graph to show the growth-promoting 
effect of fGH polypeptide of Example 5 on Aulonocara 
fry. 

10 Fig. 7 is a graph to show the growth-promoting 

effect of fGH polypeptide of Example 6 on angelfish fry. 

Mode for Carrying Out the Invention 

A case where the polypeptide of this invention 
15 is biochemically synthesized by means of gene engineer- 
ing technology will be illustrated with Examples herein- 
after. 

(1) Synthesis of oligonucleotides 
With taking account of frequency of codons 
20 used with Cyanobacterium as a host, a DNA fragment which 
codes the polypeptide with the above-mentioned amino 
acid sequence (which is referred to as fGH polypeptide 
hereinafter) is designed (this DNA is referred to as fGH 
gene hereinafter). 
25 The base sequence of the designed DNA fragment 

(SEQ ID NO: 2) is as follows. 

CAGCCTATTA CCGATTCTCA GCGTCTGTTC TCTATTGCTG TTTCTCGTGT TCAGCACCTG 60 
30 CACCTGCTGG CGCAGCGTCT GTTCTCTGAT TTTGAATCTT CTCTGCAAAC CGAAGAACAG 120 
CGTCAGCTGA ACAAAATTTT CCTGCAGGAT TTCTGTAACT CTGATTACAT TATTTCTCCT 180 
ATTGATAAAC ACGAAACTCA GCGTTCTTCT GTTCTGAAAC TGCTGTCTAT TTCTTACCGT 240 




CTGGTTGAAT CTTGGGAATT CCCTTCTCGT TCTCTGTCTG GTGGTTCTGC TCCTCGTAAC 300 



5 

CAGATTTCTC CTAAACTGTC CGAGCTCAAA ATGGGTATTC ACCTGCTGAT TCGTGCTAAC 360 
CAGGATGGTG CTGAAATGTT CGCTGATTCT TCTGCTCTGC AGCTCGCTCC TTACGGTAAC 420 
5 TACTACCAGT CTCTGGGTGG TGATGAATCT CTGCGTCGTA ACTACGAACT GCTGGCTTGT 480 
TTCAAAAAAG ATATGCACAA AGTTGAAACC TACCTGCGTG TCGCGAAATG TCGTCTGTCT 540 
CCTGAAGCTA ACTGCACCCT G 561 

10 

The designed DNA is divided into several 
blocks, for example, into twenty-one blocks of about 
sixty bases each (see Fig. 1 (A)), and then the oligo- 
nucleotide of each block is synthesized by means of 
15 phosphoamidite method using a DNA synthesizer. 

(2) Phosphorylation of synthetic oligonucleo- 
tide by a kinase 

Three |jig of each of the synthesized oligonu- 
cleotides (except for No. 1 and No. 11) is incubated 
20 using 2 ^.1 of Takara kination kit (oligonucleotide 3 |il, 
10 X kination buffer 2 |jil, 100 mM ATP (manufactured by 
Pharmacia Inc.), polynucleotide kinase 1 \il (10 units), 
and sterile water 12 at 37°C for 90 minutes. After 

the reaction, the enzyme is deactivated through heat 
25 treatment at 90^C for 5 minutes, and then phenol - 

chloroform treatment and chloroform treatment are con- 
ducted. The phosphorylated oligonucleotide is collected 
by ethanol precipitation using Ethanol Precipitation 
Mate (manufactured by Nippon Gene Co.). 
30 (3) Preparation of fOH gene 

The phosphorylated oligonucleotide which is 
collected is divided into six groups I - VI of three or 
four each (see Fig. 1 (A)), then annealed. The oligo- 
nucleotides of each group are ligated by means of T4 DNA 
ligase to synthesize six fragments I - VI. 

In other words, in the case of an oligonucleo- 
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tide which is located at the 5' end among the oligo- 
nucleotides which consist of the fragment I, 1. 5 \ig is 
dissolved in 80 \xl of a ligation buffer and in the other 
case, 1.0 ^ig is dissolved in 80 [xl of the ligation 
5 buffer. This solution is heated at 90°C for five min- 
utes, cooled slowly to 4°C over a period of 2 hours, 10 
\il each of 100 mM DTT and 10 mM ATP (manufactured by 
Pharmacia Inc.) and moreover 2.5 units of T4 DNA ligase 
(manufactured by Takara Co. , Ltd. ) are added, and then 

10 incubated at 4°C for 16 hours. Hereafter, the solution 
is treated with equal volumes of phenol - chloroform and 
chloroform, and DNAs are collected by ethanol precipita- 
tion. Fragments II - VI are synthesized by the same 
ligation reaction and collected. 

15 Next, the fragments I - VI synthesized in this 

way are ligated to three fragments a (I + II), b (III + 
IV), and c (V + VI) (see Fig 1 (B)). In short, 2 \xg 
each of fragments I - VI are dissolved in 40 |al ligation 
buffer, then after incubation at 37°C for 30 minutes, 

20 cooled slowly to 4^3 over a period of 30 minutes, 5 ^1 
each of 100 mM DTT and 10 mM ATP (manufactured by 
Pharmacia Inc. ) and moreover 10 units of T4 DNA ligase 
(manufactured by Takara Co. , Ltd. ) are added, and then 
incubated at 4''C for 16 hours. Hereafter, these solu- 

25 tions are treated with equal volumes of phenol - chloro- 
form and chloroform, and then DNAs are collected by 
ethanol precipitation. 



a - c are dissolved in 40 \il ligation buffer, after 
30 incubation at ST'C for 30 minutes, cooled slowly to 4°C 
over a period of 30 minutes, 5 |jil each of 100 mM DTT and 
10 mM ATP (manufactured by Pharmacia Inc. ) and moreover 
10 units of T4 DNA ligase (manufactured by Takara Co. , 
Ltd. ) are added, and then incubated at 4°C for 16 hours. 
35 Hereafter, these solutions are treated with equal vol- 



Finally, 2 \ig each of the resulting fragments 




umes of phenol - chloroform and chloroform, and then 




DNAs are collected by ethanol precipitation. The DNAs 
are loaded on an agarose electrophoresis, a band of the 
same size as the initially designed DNA fragment is cut 
out, and then fGH gene is collected. 
5 (4) Hind III / Bam HI digestion and dephos- 

phorylation of plasmid DNA (pUC18) 

An Eppendorf tube in which 2 |il of 10 x K 
buffer, 10 units of Hind III (1 jil), 10 units of Bam HI 
(1 and sterile water are added to 10 \xg of plasmid 

10 DNA (pUC18) (10 to 20 ^il in total is incubated at 

37°C for one hour. Hereafter, the reaction solution is 
subjected to agarose electrophoresis, and the band of 
interest is cut out from the gel and collected. The 
collected DNA is dissolved in 100 ^il of 100 mM Tris - 

15 HCl (pH 8.0), to which 5 units of alkaline phosphatase 
(1 |il) are added and incubated at 37°C for 60 minutes. 
Then again 5 units of alkaline phosphatase (1 ^il) are 
added and incubated at GS^'C for 15 minutes. The reac- 
tion solution is subjected to phenol - chloroform and 

20 chloroform treatments, and DNAs are collected by ethanol 
precipitation and then dissolved in 5 |il of 100 mM Tris 
- HCl (pH 7.6) and 5 mM MgCl2 in total. 

(5) Insertion of fGH gene into pUClB 

100 ng (2 of fGH gene which is obtained in 
25 the above (3) and 200 ng (3 \xl) of pUClS (Hind III / Bam 
HI) which is obtained in the above (4) are placed into 
an Eppendorf tube, and then 20 ^il of Takara Ligation Kit 
A Solution are added and mixed well. To the mixed 
solution, 5 \il of Takara Ligation Kit B Solution is 
30 added and after mixing, subjected to reaction at 16°C 
for 90 minutes. 

(6) Transformation of Escherichia coli 

(JM109) 

To 100 111 of competent cell JM109 (manufac- 
tured by Nippon Gene Co. ) which is thawed on ice, 10 p,l 
of the ligation solution obtained in the above (5) is 
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added and gently mixed. The mixed solution is incubated 
on ice for 30 minutes, further incubated at 42^) for 45 
seconds and then again incubated on ice for 3 minutes so 
that the DNAs are incorporated into the cells. To the 
5 suspension, 400 \il of medium (Hi - competence Broth) is 
added and then plated onto 1. 5 % LB agar medium (50 / 
ml ampicillin, 40 mg / 1 X gal, 23.38 mg / 1 IPTG) after 
shake culture at 37°C for 60 minutes. From the result- 
ing white colonies, plasmids are prepared, a part of 

10 which are digested with Hind III and Bam HI to confirm 
insertion, and then colonies which hold the DNA of the 
plasmid of interest (fGH gene) are screened. Screened 
colonies are cultured in 100 ml of LB medium (50 \ig / ml 
ampicillin) and the plasmid DNA is prepared in large 

15 amounts by means of SDS-alkaline process. 

(7) Large amount preparation of fGH gene 

An Eppendorf tube in which 2 ^il of 10 x K buf- 
fer, 12 units of Hind III (1 jjil) , 12 units of Bam HI (1 
|jl1) and sterile water are added to 10 \ig of plasmid DNA 

20 (fGH gene) (10 prepared in large amounts according 

to the above (6) to 20 jil in total is incubated at 37°C 
for two hours. After the reaction, phenol - chloroform 
and chloroform treatments are conducted, and then DNAs 
are collected by conducting ethanol precipitation and 

25 dissolved in 10 |il of sterilized water. Hereafter, the 
DNAs are separated by means of 1% agarose electrophore- 
sis and the DNA fragment of interest is electrically 
extracted from the gel which is cut out. The extracted 
solution is concentrated with butanol, and after phenol 

30 - chloroform and chloroform treatments, the DNAs are 
collected by ethanol precipitation. 

(8) Massive preparation of RuBisCO promoter 
and terminator regions of Anacystis nidulans 

Escherichia coli which holds plasmids 
(pARuplB, pARutl3) which contains RuBisCO promoter and 
terminator regions, respectively, of Anacystis nidulans 
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(Takeshima, Y. , Sugiura, M. , and Hagiwara, H. , 1994, A 
novel expression vector for the Cyanobacter ium, Synecho- 
coccus PCC6301, DNA Research 1, 181 - 189) is cultured 
in 100 ml of circle growth medium, and the plasmid DNAs 
5 are prepared in large amounts by means of SDS-alkaline 
method. pARuplS is digested with Eco RI and Hind III, 
while pARutlS is digested with Eco RI and Bam HI. After 
the reaction, the DNA fragment of interest is separated 
by 3% agarose gel electrophoresis, and then the band is 
10 cut out and electrically extracted. The extracted 

solution is concentrated with butanol, and after phenol 
- chloroform and chloroform treatments, the DNAs are 
collected by ethanol precipitation. 

(9) Methylation of Eco RI sites of fGH gene 
15 An Eppendorf tube in which 10 |il of. 500 mM 

Tris - HCl (pH 8.0), 1 \il of 100 mM DTT, 30 units of Eco 
RI methylase (0.5 |Jil), 2 jil of 3. 2 mM S - adenosyl 
methionine and 31.5 ^il of sterile water are added to 5 
|il of fGH gene (5 \ig) is incubated at 37°G for one hour, 
20 and after phenol - chloroform and chloroform treatments, 
the DNAs are collected by ethanol precipitation. The 
precipitate is dissolved in 5 ^il of 100 mM Tris - HCl 
(pH 7.6) and 5 mM MgClg in total. 

(10) Preparation of fGH operon (see Fig. 2) 
25 One \ig (2 ^il) of fGH gene prepared in large 

amounts according to the above (9) (with Eco RI sites 
already methylated) and 1 \ig (2 each of the RuBisCO 

promoter and terminator regions of Anacystis nidulans 
prepared in the above (8) are placed in an Eppendorf 
30 tube, and then 24 |il of Takara Ligation Kit A Solution 
is added and mixed well. To this mixed solution, 6 jil 
of Takara Ligation Kit B Solution is added and after 
mixing, the mixture is subjected to reaction at 16°C for 
90 minutes. After the reaction is completed, and phenol 




- chloroform and chloroform treatments, DNAs are col- 
lected by ethanol precipitation. Hereto, 17 jil of 
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sterile water, 2 |jil of 10 x H buffer and 1 \xl of Eco RI 
are added, and then incubated at ST^'C for one hour. 

(11) Digestion with Eco RI and dephosphoryla- 
tion of plasmid DNA (pBAXlS) 

5 An Eppendorf tube in which 2 jxl of 10 x H 

buffer, 12 units of Eco RI (1 [il) and sterile water are 
added to 10 [ig of plasmid DNA (pBAXlS - Deposit Number 
PERM BP - 4639) (10 ^ll) to 20 \il in total is incubated 
at 37°C for one hour. Hereafter, the reaction solution 
10 is subjected to agarose electrophoresis, and then the 
band of interest is cut out and collected from the gel. 
The collected DNA is dissolved in 100 |il of 100 mM Tris 
- HCl (pH 8.0), 5 units of alkaline phosphatase (1 |il) 
are added and incubated at 37°C for 60 minutes. Then 
15 again 5 units of alkaline phosphatase (1 are added 

and incubation is carried out at 65°C for 15 minutes. 
The reaction solution is treated with phenol ~ chloro- 
form and chloroform, then the DNAs are collected by 
ethanol precipitation, and dissolved in 5 ^il of a solu- 
20 tion consisting of 100 mM Tris- HCl (pH 7.6) and 5 mM 
MgClg. 

(12) Ligation of fGH operon and pBAXlS (which 
has been already digested with Eco RI and dephosphoryl- 
ated) (see Pig. 3) 

25 One \ig (2 jil) each of the fGH operon which is 

prepared in the above (10) and the plasmid DNA which is 
obtained in the above (11) are placed into an Eppendorf 
tube, and then 24 |al of Takara Ligation Kit A Solution 
is added and mixed well. To the mixed solution, 6 ^il of 
30 Takara Ligation Kit B Solution is added and after mix- 
ing, subjected to reaction at 16°C for 90 minutes. 

(13) Transformation of Escherichia coli 

(JM109) 

To 100 ^xl of competent cell JM109 (manufac- 
^rR^^^35 tured by Nippon Gene Co. ) which is thawed on ice, 10 |xl 
of the ligation solution which is obtained in the above 
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10 



15 



20 



25 



30 




(12) are added and gently mixed. The mixed solution is 
incubated on ice for 30 minutes, and then incubated at 
42°C for 45 seconds and again incubated on ice for three 
minutes so that the DNAs are incorporated into the 
cells. To the suspension, 400 \il of Hi - competence 
Broth is added, and then, after shake culture at 37°C 
for 60 minutes, plated onto 1.5 % LB agar medium (50 
Hg / ml ampicillin, 40 mg / 1 X gal, 23.38 mg / 1 IPTG) . 
From the resulting white colonies, plasmids are prepared 
a part of which is digested with Eco RI to confirm the 
insert and then the colonies which hold the expression 
vector of interest (pBAXlSfGH) are screened. The 
screened colonies are cultured in 100 ml of LB medium. * 
(50 |ig / ml ampicillin) and plasraid DNAs are prepared in 
large amounts by means of SDS - alkaline method. 

(14) Expression of fGH gene by Cyanobacterium 
{Anacystis nidulans PCC6301 old strain - Deposit Number 
PERM BP - 6267; ATCC 27144) 

Anacystis nidulans PCC6301 old which has been 
cultured in 100 ml of BG - 11 liquid medium for about 
one week is collected by centr if ugation at 8000 rpm for 
5 minutes, and then suspended in 10 ml of fresh liquid 
medium (10 - 10 cells / ml). This cell suspension is 
fractionated into aliquots of one ml, placed into poly- 
propylene tubes, and then to each tube, the expression 
DNA which is prepared in the above (13) is added at 
concentrations of 0. 1 - 10 jig. These tubes are covered 
with aluminum foil, and uncovered after overnight incu- 
bation at 25°C, after which incubation is carried out 
under light illumination (light source: white fluores- 
cent lamp; 1000 - 2000 lux) for further 6 hours. From 
each of these cell suspensions, 100 - 500 |il are removed 
and plated on BG - 11 medium (1 mM sodium thiosulfate, 5 
p-g / ml ampicillin, 1.5 % agar). These plates are 
cultured under light illumination (light source: white 
fluorescent lamp; 1000 - 2000 lux) for 4-10 days. 
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The colonies obtained in this way are trans- 
ferred into 2 ml of BG - 11 liquid medium (10 \xg / ml 
ampicillin) and cultured under light illumination (light 
source: white fluorescent lamp; 1000 - 2000 lux) for 10 
5 days. Then, this culture solution is transferred into 
100 ml of BG - 11 liquid medium (50 |ig / ml ampicillin) 
and cultured under light illumination (light source: 
white fluorescent lamp; 1000 - 2000 lux) for 10 days. 
Cells are collected by centrif ugat ion at 10,000 rpm at 
10 4°C for 10 minutes, suspended in 10 mM PBS, and washed 
by centrifuging again. After washing, cells are stored 
at - 20°C until use. 

(15) Confirmation of fGH gene expression by 
means of RT - PGR method 
15 The transformant and non-transf ormant of Ana- 

cyst is nidulans which are cultured in 100 ml BG - 11 
medium are separately centrifuged and collected, 90 mg 
each are suspended in 1 ml of isogene (manufactured by 
Nippon Gene Co. ) and incubated at room temperature for 
20 10 minutes. To each suspension, 0, 2 ml chloroform is 
added and incubated at room temperature for 5 minutes 
after vigorous shaking for 15 seconds. Hereafter, 
suspensions are centrifuged at 15, 000 rpm and 4°C for 15 
minutes, the aqueous layers are transferred into new 
25 tubes, to each of which 0.5 ml of isopropanol is added, 
and then incubated at room temperature for 10 minutes. 
Hereafter, centrif ugation at 15,000 rpm and 4°C for 15 
minutes carried out, and after discarding supernatants 
and gentle washing with 70 % ethanol, fractions are 
30 shortly dried and dissolved in RNase-free water. The 
fractions obtained are regarded as total RNA fractions. 
Hereafter, RT - PCR is performed using these total RNA 
fractions and Definitive RT - PCR KIT (manufactured by 
Biotech International). As a result of agarose electro- 
35 phoresis of these PCR products, a band could be con- 
firmed at the expected position (about 600 bp) for the 
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transf ormant. This indicates that the gene which is 
introduced in the transformed Anacystis nidulans is 
precisely expressed. 

(16) Confirmation of fGH polypeptide expres- 
5 sion of this invention by means of SDS - PAGE (SDS poly- 
acrylamide gel electrophoresis) 

The transformant and non-transf ormant of Ana- 
cystis nidulans which were cultured in 100 ml BG - 11 
medium were separately centrifuged and then subjected to 
10 SDS - polyacrylamide gel electrophoresis according to 

Laemmli's method. After electrophoresis, they were dyed 
with Coomassie Brilliant Blue and a band of the poly- 
peptide was detected at the position of the expected 
molecular weight of about 24, 000. This band did not 
15 exist when the non-transf ormant was subjected to SDS - 
polyacrylamide gel electrophoresis. Moreover, when 
transfering this band to a PVDF membrane and determining 
• the amino acid sequence by a vapor phase sequencer type 
477A / 120A of Applied Biosystems Co., the amino acid 
20 sequence of the polypeptide of this band was completely 
consistent with the amino acid sequence of the above- 
mentioned fGH polypeptide of this invention. This shows 
that Cyanobacter ium Anacystis nidulans holding 
pBAXlSfGH, expresses fGH polypeptide of this invention. 
25 fGH polypeptide of this invention which is 

generated according to the above description has remark- 
able effects on growth-promotion and also in regard to 
mortality reduction in a variety of fish, especially fry 
as shown in Examples described hereinafter, so that it 
30 can be widely used as a universal fish growth hormonal 
agent for promoting growth of hatchery fish (for exam- 
ple, freshwater fish such as carp, crucian, eel, trout, 
tilapia and the like; sea-water fish such as sea bream, 
young yellowtail, tuna, flounder {Paralichthys) , place, 
35 and the like) and aquarium fish (for example, goldfish, 
guppy, angelfish, Aulonocara, and the like) and / or for 
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reducing mortality of fry. 

fGH polypeptide of this invention does not 
necessarily have to be used in its isolated and purified 
form, but can also be used as crude preparation, or in 
5 form of cultured dry bacterial cells itself which con- 
tain fGH polypeptide of the above-mentioned transfor- 
mant. 

Concerning usage of fGH polypeptide of this 
invention, for example, bacterial cells containing this 
10 polypeptide can be given to fish by mixing with a con- 
ventional fish feed in a dispersive way, but can also be 
given to fish separately along with a conventional fish 
feed. 

Test Examples 

15 Fish growth-promoting effect and fry 

mortality-reducing effect of fGH polypeptide of this 
invention will be illustrated more specifically in the 
Test Examples hereinafter. 
Test Example 1 : Carp growth test No. 1 

20 Fifteen carps each which were 2-3 months of 

age after hatching were placed into a fish tank (60 cm x 
30 cm X 30 cm), and fed with normal commercially avail- 
able carp feed three times a day in amounts of 100 mg / 
fish / time and also with a feed which was mixed with 

25 fGH polypeptide of this invention (1 mg / fish of 

freeze-dried Anacystis nidulans PCC6301old transf ormant, 
which corresponded to 1 |ig / fish of fGH polypeptide of 
this invention) was given once a week (fGH polypeptide 
administration group). Moreover, to carps of the con- 

30 trol group, a commercially available carp feed was given 
three times a day in amounts of 100 mg / fish / time and 
also a feed which was mixed with 1 mg / fish of freeze- 
dried Anacystis nidulans PCC6301old non-transf ormant was 
given once a week. Rearing was conducted between 24°C 




and 26°C. Increased amounts in body weight at Day 25 
after first administration were determined (as average 



15 



of 15 fish) and the result is shown in Table 1 described 
hereinafter. Moreover, Fig. 4 shows a graph which 
derived by plotting the rates of increase in body weight 
(%) during the rearing period. 

5 

Table 1 



Group 


Body 

Weight at 

Day 1 (g) 


Body 

Weight at 

Day 25 (g) 


Increased 
Body 

Weight (g) 


fGH Polypeptide 

Administration 

Group 


5. 0 


7. 6 


2. 6±0. 64* 


Control Group 


5. 5 


6. 7 


1. 2±0. 60* 



15 * Standard error 



20 



25 



30 




Test Example 2 : Carp growth test No. 2 

Five carps each which were 4-5 months of age 
after hatching were placed into a fish tank (90 cm x 40 
cm X 40 cm), and fed with normal commercially available 
carp feed three times a day at 0. 5 g / fish / time and 
also with a feed which was mixed with fGH polypeptide of 
this invention (1 mg / fish of freeze-dried Anacystis 
nidulans PCC6301old transf ormant, which corresponded to 
1 |xg / fish of fGH polypeptide of this invention) was 
given once a week (fGH polypeptide administration 
group). Moreover, to carps of the tuna GH administra- 
tion group, a commercially available carp feed was given 
three times a day at 0. 5 g / fish / time and also a feed 
which was mixed with 1 mg / fish of freeze-dried Ana- 
cystis nidulans PCC6301old non-transf ormant and 1 |ig / 
fish of a commercially available tuna growth hormone 
(tuna GH; manufactured by Maruha) was given once a week. 
Moreover, to carps of the control group, a commercially 
available carp feed was given three times a day at 0.5 
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g / fish / time and also a feed which was mixed with 1 
mg / fish of freeze-dry Anacystis nidulans PCC6301old 
non-transf ormant was given once a week. Rearing was 
conducted between 24°C and 26°C. Increased amounts in 
5 body weight at Day 49 after the first administration 
were measured (as averages of 5 fish) and the. results 
are shown in Table 2 described hereinafter. Moreover, 
Fig. 5 shows a graph which derived by plotting the rates 
of increase in body weight (%) during the rearing pe- 
10 riod. 



Table 2 



Group 


Body 

Weight at 
Day 1 (g) 


Body 

Weight at 

Day 49 (g) 


Increased 
Body 

Weight (g) 


fGH Polypeptide 

Administration 

Group 


26. 6 


64. 5 


37. 9±6. 3* 


tuna GH Admin- 
istration Group 


28. 7 


59. 2 


30. 4±2. 9* 


Control Group 


26. 4 


56. 5 


30. 2±1. 0* 



* Standard error 



25 



30 




Test Example 3 : Guppy growth test No. 1 

Ten guppies each which were about 10 - 20 days 
of age after hatching were placed into a fish tank (60 
cm X 30 cm X 30 cm), and fed with a guppy feed (which 
was prepared in Feed Preparation Example 2 described 
hereinafter) which was mixed with fGH polypeptide of 
this invention (3 mg / fish of freeze-dried Anacystis 
nidulans PCC6301old transf ormant, which corresponded to 
3 |j.g / fish / day of fGH polypeptide of this invention) 
in amounts of 100 mg / 10 fish / day. For rearing of 
the guppy control group, instead of Anacystis nidulans 
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PCC6301old transf ormant, Anacystis nidulans PCC6301old 
non-transf ormant was used. Rearing of guppies was 
conducted between 25°C and 27*t3. Frequency distribution 
in terms of body length at Day 33 after first adminis- 
tration is shown in Table 3 described hereinafter. 



Table 3 



Grade 


Class (cm) 


Frequency 


A 


B 


1 


1. 7-2. 0 


0 




2 


2 


2. 0-2. 3 


0 




4 


3 


2. 3-2. 6 


1 




3 


4 


2. 6-2. 9 


2 




1 


5 


2. 9-3. 2 


5 




0 


6 


3. 2-3. 5 


2 




0 



A: Group to which fGH polypeptide of this 

invention was administered 
B: Control group 



Test Example 4 : Guppy growth test No. 2 

Ten guppies each which were about 10 - 20 days 
of age after hatching were placed into a fish tank (60 
cm X 30 cm X 30 cm), and fed with a guppy feed which was 
mixed with fGH polypeptide of this invention (1 mg / 
fish of freeze-dried Anacystis nidulans PCC6301old 
transf ormant, which corresponded to 1 fig / fish / day of 
fGH polypeptide of this invention) in amounts of 100 
mg / 10 fish / day. The fGH polypeptide containing feed 
was prepared by well kneading 0. 1 g of freeze-dried Ana- 
cystis nidulans PCC6301old transformant and water with 
0. 9 g of a guppy feed (manufactured by Kyorin Co. ) and 
smashing into fine pieces in a mortar after freeze- 
drying. Guppies of the control group were reared using, 
instead of Anacystis nidulans PCC6301old transformant. 
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its non-transf ormant form. The feed prepared was di- 
vided into portions of 100 mg each and stored at ~ 20*^0 
until use. Rearing of guppies was conducted between 
25°C and 27°C. Frequency distribution in terms of body 
5 length at Day 35 after first administration is shown in 
Table 4 described hereinafter. 



Table 4 



Grade 


Class (cm) 


Frequency 


A 


B 


1 


1. 4-1. 7 


0 




2 


2 


1. 7-2. 0 


0 




2 


3 


2.0-2.3 


3 




3 


4 


2. 3-2. 6 


4 




3 


5 


2. 6-2. 9 


2 




0 


6 


2. 9-3. 2 


1 




0 



A: Group to which fGH polypeptide of this 
invention was administered 
20 B: Control group 

Test Example 5 : Aulonocara rearing test 

Six Aulonocara {Aulonocara) each which were 
about 4-5 months of age after hatching were placed 
25 into a fish tank (60 cm x 30 cm x 30 cm), and fed with a 
Symphysodon (Discus) feed (manufactured by Tetra Werke 
Co.) which was mixed with fGH polypeptide of this inven- 
tion (3 mg / fish of freeze-dried Anacystis nidulans 
PCC6301old transf ormant, which corresponded to 3 jig / 
30 fish / day of fGH polypeptide of this invention) in 

amounts of 200 mg / 10 fish / day. Aulonocaras of the 
control group were reared using, instead of Anacystis 
nidulans PCC6301old transf ormant, its non-transf ormant 
form. Rearing of Aulonocara was conducted between 25^) 
and 27°C. Increased amounts in body weight at Day 42 




19 



after first administration were determined (as averages 
of 6 fish) and the results are shown in Table 5 de- 
scribed hereinafter. Moreover, Fig. 6 shows a graph 
which derived by plotting rates of increase in body 
5 weight (%) during the rearing period. 



Table 5 



Group 


Body 

Weight at 

Day 1 (g) 


Body 

Weight at 

Day 42 (g) 


Increased 
Body Weight 

(g) 


fGH Polypeptide 

Administration 

Group 


4. 32 


5. 98 


1. 66±0. 15* 


Control Group 


4. 44 


5. 45 


1. 01 ±0. 24* 



15 

* Standard error 

Test Example 6 : Angelfish rearing test 

Fifteen angelfish {Pterophyl lum) each which 
were about 3-4 months of age after hatching were 
placed into a fish tank (60 cm x 30 cm x 30 cm), and fed 
with a Symphysodon (Discus) feed (manufactured by Tetra 
Werke Co.) which was mixed with fGH polypeptide of this 
invention (1 mg / fish of freeze-dried Anacystis nidu- 
lans PCC6301old transf ormant, which corresponded to 1 
\L% / fish / day of fGH polypeptide of this invention) in 
amounts of 100 mg / fish / day. Angelfish of the con- 
trol group were reared using, instead of Anacystis 
nidulans PCC6301old transf ormant , its non-transf ormant 
form. Rearing of angelfish was conducted between 25''C 
and 27°C. Increased amounts in body weight at Day 71 
after first administration were determined (as averages 
of 15 fish) and the results are shown in Table 6 de- 
scribed hereinafter. Moreover, Fig. 7 shows a graph 
which derived by plotting rates of increase in body 
weight (%) during the rearing period. 
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Table 6 



Group 


Body 

Weight at 

Day 1 (g) 


Body 

Weight at 

Day 71 (g) 


Increased 
Body 

Weight (g) 


fGH Polypeptide 

Administration 

Group 


0. 71 


4. 97 


4. 26 


Control Group 


0. 75 


4. 42 


3. 67 



Test Example 7 : Guppy survival test No. 1 

Forty-three guppies each which were about 10 
days of age after hatching were placed into a fish tank 
(60 cm X 30 cm X 30 cm), and fed with a commercially 
available guppy feed which was mixed with fGH polypep- 
tide of this invention (1 mg / fish of freeze-dried 
Anacystis nidulans PCC6301old transf ormant, which corre- 
sponded to 1 Jig / fish / day of fGH polypeptide of this 
invention) in amounts of 10 rag / fish / day. Guppies of 
the control group were reared using, instead of Anacys- 
tis nidulans PCC6301old transf ormant , its non-transf or- 
mant form. Rearing of guppies was conducted between 
25*t3 and 27°C. The survival rates between first admin- 
istration and Day 35 are shown in Table 7 described 
hereinafter. 



Table 7 



Day 


A (%) 


B (%) 


0 


100 


100 


8 


95. 4 


76. 7 


15 


76. 7 


58. 1 


21 


74. 4 


55. 8 


28 


74. 4 


48. 8 


35 


72. 1 


44. 2 
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A: Group to which fGH polypeptide of this 

invention was administered 
B: Control group 

5 

Test Example 8 : Guppy survival test No. 2 

Twenty guppies each which were about 10 days 
of age after hatching were placed into a fish tank (60 
cm X 30 cm X 30 cm), and fed with a commercially avail- 

10 able guppy feed which was mixed with fGH polypeptide of 
this invention (1 mg / fish of freeze-dried Anacystis 
nidulans PCC6301old transf ormant, which corresponded to 
1 Jig / fish / day of fGH polypeptide of this invention) 
in amounts of 10 mg / fish / day. Guppies of the con- 

15 trol group were reared using, instead of Anacystis 

nidulans PCC6301old transf ormant, its non-transf ormant 
form. Rearing of guppies was conducted between 25°C and 
27°C. The survival rates between first administration 
and Day 23 are shown in Table 8 described hereinafter. 

20 

Table 8 



Day 


A (%) 


B (%) 


0 


100 


100 


2 


90 


90 


6 


80 


65 


9 


70 


55 


12 


60 


40 


16 


60 


35 


19 


60 


35 


23 


60 


35 




Group to which fGH polypeptide of this 
invention was administered 
Control group 
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Feed Preparation Example 1 

One g of fGH polypeptide expressing Cyano- 
bacterium (f reeze-dried) , 7 g of a commercially avail- 
able feed (Swimy, manufactured by Marukyu Co, , Ltd. ) and 
5 2 g of gluten (manufactured by Marukyu Co. , Ltd. ) are 
mixed together and further well mixed after adding 
water. This mixture is dried in a freeze dryer. After 
drying, it is smashed into fine pieces in a mortar, and 
fractionated into, for example, a tube or the like, and 
10 stored at - 20°C until use. 
Feed Preparation Example 2 

Three g of fGH polypeptide expressing Cyano- 
bacterium (f reeze-dried) and 7 g of a commercially 
available feed (Tropical fish food Hikari crest guppy, 
15 manufactured by Kyorin Co.) are mixed together and 

further well mixed after adding water. This mixture is 
dried in a freeze dryer. After drying, it is smashed 
into fine pieces in a mortar, fractionated into, for 
example, a tube or the like, and stored at - 20°C until 
20 use. 

Feed Preparation Example 3 

0. 1 g of fGH polypeptide expressing Cyano- 
bacterium (f reeze-dried) , 7. 7 g of a commercially avail- 
able feed (Swimy, manufactured by Marukyu Co. , Ltd. ) and 
25 2. 2 g of gluten (manufactured by Marukyu Co. , Ltd. ) are 
mixed together and further well mixed after adding 
water. This mixture is dried in a freeze dryer. After 
drying, it is smashed into fine pieces in a mortar, and 
then fractionated into, for example, a tube or the like 
30 and stored at - 20°C until use. 
Feed Preparation Example 4 

0. 3 g of fGH polypeptide expressing Cyano- 
bacterium (f reeze-dried) and 2. 7 g of a commercially 
available feed (Tropical fish food Hikari crest guppy, 
5 manufactured by Kyorin Co. ) are mixed together and 

further well mixed after adding water. This mixture is 
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dried in a freeze dryer. After drying, it is smashed 
into fine pieces in a mortar, and then fractionated 
into, for example, a tube or the like and stored at - 
20°C until use. 
5 Feed Preparation Example 5 

A fGH polypeptide containing feed was prepared 
by adding 0. 3 g of freeze-dried Anacystis nidulans 
PCC6301old transformant and water to 19.7 g of a Sym- 
physodon (Discus) feed (manufactured by Tetra Werke 

10 Co.), well kneading, and then smashing into fine pieces 
in a mortar after f reeze-drying. The prepared feed was 
fractionated into, for example, a tube or the like and 
stored at - 20°C until use. 
Feed Preparation Example 6 

15 A fGH polypeptide containing feed was prepared 

by adding 0. 1 g of freeze-dried Anacystis nidulans 
PCC6301old transformant and water to 9. 9 g of a Sym- 
physodon (Discus) feed (manufactured by Tetra Werke 
Co.), well kneading, and then smashing into fine pieces 

20 in a mortar after f reeze-drying. The prepared feed was 
fractionated into, for example, a tube or the like and 
stored at - 20t until use. 
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Sequence Listing 

Sequence ID No. : 1 
Sequence length: 187 
Sequence type: amino acid 
Topology: linear 
Molecular type: peptide 

Sequence: 

Gin Pro He Thr Asp Ser Gin Arg Leu Phe Ser He Ala Val Ser Arg 
15 10 15 

Val Gin His Leu His Leu Leu Ala Gin Arg Leu Phe Ser Asp Phe Glu 
20 25 30 

Ser Ser Leu Gin Thr Glu Glu Gin Arg Gin Leu Asn Lys He Phe Leu 
35 40 45 

Gin Asp Phe Cys Asn Ser Asp Tyr He He Ser Pro He Asp Lys His 
50 55 60 

Glu Thr Gin Arg Ser Ser Val Leu Lys Leu Leu Ser He Ser Tyr Arg 
65 70 75 80 

Leu Val Glu Ser Trp Glu Phe Pro Ser Arg Ser Leu Ser Gly Gly Ser 

85 90 95 

Ala Pro Arg Asn Gin He Ser Pro Lys Leu Ser Glu Leu Lys Met Gly 
100 105 110 

He His Leu Leu He Arg Ala Asn Gin Asp Gly Ala Glu Met Phe Ala 
115 120 125 



Asp Ser Ser Ala Leu Gin Leu Ala Pro Tyr Gly Asn Tyr Tyr Gin Ser 
130 135 140 
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Leu Gly Gly Asp Glu Ser Leu Arg Arg Asn Tyr Glu Leu Leu Ala Cys 
145 150 155 160 

Phe Lys Lys Asp Met His Lys Val Glu Thr Tyr Leu Arg Val Ala Lys 

165 170 175 

Cys Arg Leu Ser Pro Glu Ala Asn Cys Thr Leu 
180 185 

Sequence ID No. : 2 

Sequence length: 561 

Sequence type: nucleic acid 

Strandedness : double stranded 

Topology: linear 

Molecular type: synthetic DNA 

Sequence : 

CAGCCTATTA CCGATTCTCA GCGTCTGTTC TCTATTGCTG TTTCTCGTGT TCAGCACCTG 60 

CACCTGCTGG CGCAGCGTCT GTTCTCTGAT TTTGAATCTT CTCTGCAAAC CGAAGAACAG 120 

CGTCAGCTGA ACAAAATTTT CCTGCAGGAT TTCTGTAACT CTGATTACAT TATTTCTCCT 180 

ATTGATAAAC ACGAAACTCA GCGTTCTTCT GTTCTGAAAC TGCTGTCTAT TTCTTACCGT 240 

CTGGTTGAAT CTTGGGAATT CCCTTCTCGT TCTCTGTCTG GTGGTTCTGC TCCTCGTAAC 300 

CAGATTTCTC CTAAACTGTC CGAGCTCAAA ATGGGTATTC ACCTGCTGAT TCGTGCTAAC 360 

CAGGATGGTG CTGAAATGTT CGCTGATTCT TCTGCTCTGC AGCTCGCTCC TTACGGTAAC 420 

TACTACCAGT CTCTGGGTGG TGATGAATCT CTGCGTCGTA ACTACGAACT GCTGGCTTGT 480 



TTCAAAAAAG ATATGCACAA AGTTGAAACC TACCTGCGTG TCGCGAAATG TCGTCTGTCT 540 
CCTGAAGCTA ACTGCACCCT G 561 
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Throughout the description and claims of this specification, the word 
"comprise" and variations of the word, such as "comprising" and "comprises", is not 
5 intended to exclude other additives, components, integers or steps. 

The discussion of documents, acts, materials, devices, articles and the like is 
included in this specification solely for the purpose of providing a context for the 
present invention. It is not suggested or represented that any or all of these matters 
10 formed part of the prior art base or were common general knowledge in the field 
relevant to the present invention as it existed in Australia before the priority date of 
each claim of this application. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A polypeptide which comprises the following 

amino, acid sequence (SEQ ID NO: 1) 

Gin Pro He Thr Asp Ser Gin Arg Leu Phe Ser He Ala Val Ser Arg 
15 10 15 

Val Gin His Leu His Leu Leu Ala Gin Arg Leu Phe Ser Asp Phe Glu 
20 ^ 25 30 

Ser Ser Leu Gin Thr Glu Glu Gin Arg Gin Leu Asn Lys He Phe Leu 
35 40 45 

Gin Asp Phe Cys Asn Ser Asp Tyr He He Ser Pro lie Asp Lys His 
50 55 - 60 

Glu Thr Gin Arg Ser Ser Val Leu Lys Leu Leu Ser He Ser Tyr Arg 
65 70 75 80 

Leu Val Glu Ser Trp Glu Phe Pro Ser Arg Ser Leu Ser Gly Gly Ser 

85 90 95 

Ala Pro Arg Asn Gin He Ser Pro Lys Leu Ser Glu Leu Lys Met Gly 
100 105 110 

lie His Leu Leu He Arg Ala Asn Gin Asp Gly Ala Glu Met Phe Ala 
115 120 125 

Asp Ser Ser Ala Leu Gin Leu Ala Pro Tyr Gly Asn Tyr Tyr Gin Ser 
130 135 140 



Leu Gly Gly Asp Glu Ser Leu Arg Arg Asn Tyr Glu Leu Leu Ala Cys 
145 150 155 160 
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Phe Lys Lys Asp Met His Lys Val Glu Thr Tyr Leu Arg Val Ala Lys 

165 170 175 

Cys Arg Leu Ser Pro Glu Ala Asn Cys Thr Leu. 
180 185 

2. A DNA which codes the polypeptide according to 

3. A DNA according to Claim 2, wherein the DNA 
comprises the following base sequence (SEQ ID NO: 2) 

CAGCCTATTA CCGATTCTCA GCGTCTGTTC TCTATTGCTG TTTCTCGTGT TCAGCACCTG 60 
CACCTGCTGG CGCAGCGTCT GTTCTCTGAT TTTGAATCTT CTCTGCAAAC CGAAGAACAG 120 
CGTCAGCTGA ACAAAATITT CCTCCAGGAT TTCTGTAACT CTGATTACAT TATTTCTCCT 180 
AHGATAAAC ACGAAACTCA GCGTTCTTCT GTTCTGAAAC TGCTGTCTAT TTCTTACCGT 240 
CTGGTTGAAT CTTGGGAATT CCCTTCTCGT TCTCTGTCTG GTGGTTCTGC TCCTCGTAAC 300 
CAGATTTCTC CTAAACTGTC CGAGCTCAAA ATGGGTATTC ACCTGCTGAT TCGTGCTAAC 360 
CAGGATGGTG CTGAAATGTT CGCTGAITCT TCTGaCTGC AGCTCGCTCC TTACGGTAAC 420 
TACTACCACT CTCTGGGTGG TGATGAATCT CTGCGTCGTA ACTACGAACT GCTGGCTTCT 480 
TTCAAAAAAG ATATGCACAA AGTTGAAACC TACCTGCGTG TCGCGAAATG TCGTCTGTCT 540 
CCTGAAGCTA ACTGCACCCT G 

561. 
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4. A vector which can express the polypeptide according to claim 1 . 

5. A vector which includes the DNA according to claim 2 or 3. 

6. A vector according to claim 4 or 5. wherein the vector is pBAX18fGH. 

7. A Cyanobacterium which is transformed by the vector according to any one of 
claims 4 to 6. 

8. A Anacystis nidulans PCC6301 old strain which is transformed with 
pBAX18fGH. 

9. A dry bacterial cell of the transformed Anacystis nidulans PCC6301 old strain 
according to claim 8 which can express the polypeptide according to claim 1. 

10. A fish feed which comprises the polypeptide according to claim 1 or the dry 
bacterial cell according to claim 9. 

11. A method for growth promotion in fish or reduction in fry mortality, wherein 
said method comprises administering the polypeptide according to claim 1 or the dry 
bacterial cell according to claim 9 to fish. 

12. Use of the polypeptide according to claim 1 or the dry bacterial cells according 
to claim 9 for preparing a fish feed. 

13. A polypeptide according to claim 1 substantially as hereinbefore described 
with reference to any one of the Examples 
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14. A fish feed according to claim 1 0 substantially as hereinbefore described with 
reference to any one of Examples 1 to 6. 

DATED: 26 April. 2000 
PHILLIPS ORMONDE & FITZPATRICK 
Attorneys for: 
HIH.BIOCENTER INC. 
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